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Instrumentation and diagnostics
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15 Goals of magnet diagnostics

General and predictive

A Understandingtraining and memory effects in
magnetsthrough disturbancespectrumanalysis I

A Finding weak spots and design limitations and
feeding back to magnet designers

A Benchmarking of models on stress, internal
voltages, protection, ac losses, etc.

Operational

A Quench detection

A Quench locations and NZPV

A Flux jumps and conductor instabilities
A Mechanical stability monitoring

=

Improving
performance

Detecting problems,
preventing damage
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Voltage diagnostics
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National
Instruments PXI-
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Vol tage Measur eme|

Internal magnet voltage during quench
may reach several hundreds of volts!
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Voltage-based localization and quench propagation velocity
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Quench starts ~ 3 cm from the A8 Vtap in the A87 segment segment
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Voltage (microVolt
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Current (
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Challenge: Voltage measured over full 5.5 meter 56 turn coils (600 meter of cable)
Large effects of inductance and decay effects after each ramp!

Solution: Increase plateau duration to 20 minutes (3h measurement)
& compare 4 coils measurements
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1 coil is clearly showing a resistive voltage
buildup, of up to 30 uV at 8.8 KA.

The V-l curve, see below, can be fitted with linear
curve, rather than the expected high n-value.

It proves a clear conductor degradation already
showing at low current.
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agnets used at CERN, Willering, IDSM 01, Berkeley, 24 April 2019

G.Willering presentation at IDSM0O1 Workshop
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Magnetic guench antennas
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L Principle of operation

Issue:

Magnetic Quench Antenna  How to cancel noises due

to main field fluctuation

« Detect Magnetic Field Perturbation
caused by current redistribution in
quench front

Quench Antenna

Magnetic Field
Low Cable
l -
Current
High z,_ ~ -
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High Direction of quench propagation

T.Ogitsy presentation at IDSMO1 Workshop
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L First guench antennas

Beginning of Quench Antenna

* First concept is proposed by Jacek | ‘i .
Krzywinski in early 1990’s Iom
« “Quench Observation in LHC Superconducting > |

One Meter Dipole Models by Field Perturbation -
Measurements,” D. Leroy et.al. 1993 |

« Adapted for two in one magnet; use other
aperture for noise cancel
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T.Ogitsy presentation at IDSM01 Workshop
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Linear array PCB antenna (CCT)
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A linear array of 24 printed square coils (each is 2 layers, ~20 turn
total, ~1 cm side). Coils are dipole-bucked thus forming 12
independent sensors per array. Two arrays can be further
A s t a clikearly with a flat ribbon jumper, to have all 24 sensors
interfaces from one end of the assembly.
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